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Abstract
ogy and a dual-screening system, and to provide a basis for its clinical treatment of cardiovascular diseases. [ Methods ] The TCMSP database was used for prelimi-

[ Objectives | This study was conducted to clarify the action mechanism of Pseudostellariae Radix in regulating angiogenesis by using network pharmacol-

nary screening to obtain the active compounds of Pseudostellariae Radix and the protein targets of its action. GeneCards and OMIM databases were used to search for
targets related to angiogenesis. Cytoscape 3.9.1 was used to construct a drug-target network and protein interaction network of Pseudostellariae Radix in angiogene-
sis. The GO enrichment analysis and KEGG pathway analysis of the targets of Pseudostellariae Radix in angiogenesis were carried out on Metascape platform. The
effects of the screened active compounds were verified using a dual-screening system. [ Results] Six active components of Pseudostellariae Radix, luteolin, acetin,
beta-sitosterol, linarin, schottenol and 1-monolinolein, were screened by TCMSP database; and the six active components were predicted with 78 common target
proteins related to angiogenesis, of which 19 were core targets. Pseudostellariae Radix mainly intervened in angiogenesis through domain specific binding, ubiquitin-
like protein ligase binding, kinase binding and other molecular functions to regulate biological processes such as membrane microdomain, plasma membrane raft and
caveola. The results of KEGG enrichment indicated that pathways in cancer, lipid and atherosclerosis, hepatitis B, apoptosis, toxoplasmosis and other key pathways
might be the mechanism for the intervention of angiogenesis. The results of the dual-screening system showed that luteolin, acacetin, beta-sitosterol and linarin pro-
tected HUVECs and promoted zebrafish angiogenesis. [ Conclusions] This study preliminarily demonstrated that luteolin, acacetin, beta-sitosterol and linarin could

intervene in angiogenesis through multiple targets and multiple pathways, providing ideas and a scientific basis for the treatment of cardiovascular diseases.
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Cardiovascular disease is the world’s leading cause of death,
and more than three-quarters of cardiovascular disease deaths oc-
cur in low-income and middle-income countries'"’. TIschemic heart
disease (THD) is caused by myocardial ischemia and hypoxia due
to stenosis or obstruction of vascular lumen caused by coronary
atherosclerosis'>'. Meanwhile, ischemic injury will activate local
and systemic nervous and hormonal systems"™ | which will cause
pathological changes in extracellular environment, thus promoting
myocardial cell necrosis and apoptosis, ventricular remodeling and
even heart failure. Traditional intervention and surgical methods
have problems including postoperative vascular restenosis and oc-

4 . . .
“!. Moreover, patients with severe coronary heart disease

clusion
cannot undergo revascularization due to diffuse stenosis of the
multi-vessel coronary artery, and commonly used drugs of Western
medicine have very limited therapeutic effects™ . Therefore, exog-
enous angiogenic factors or drugs that promote angiogenesis are
given to promote coronary collateral circulation and the generation
of new blood vessels to meet the needs of cardiac blood supply.

Such method is called " therapeutic angiogenesis"°™*'. On the
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one hand, angiogenesis promotes the release of a series of angio-
genic factors by ischemic cells, which induce arterial generation,
which further leads to the establishment of new collateral circula-
tion, achieving self-bridging; and on the other hand, it promotes
an increase in capillary density, improves perfusion, and reduces
myocardial damage and necrosis'’ . Therefore, therapeutic angio-
genesis is of great significance for a considerable number of pa-
tients who receive poor efficacy from traditional drugs and are not
suitable for coronary artery bypass surgery and interventional ther-
apy, or who experience postoperative restenosis’ "’ "7,

Traditional Chinese medicine believes that the pathological
changes of ischemic heart disease are mainly manifested as defi-

]

cient root and excessive superficiality'>. Pseudostellariae Radix

has the effect of invigorating qi and promoting fluid production,

and can be used to treat heart disease with qi deficiency and blood

stasis'*'. Modern pharmacological and clinical studies have found

that Pseudostellariae Radix and its formulations have cardiovascu-

14-17)

lar protective effects - , as well as anti-inflammatory * ™" and

antioxidant effects™” , while Inflammation and oxidation are close-

20-2 .
21=2) " Based on this, our research group

ly related to angiogenesis
proposed that Pseudostellariae Radix may have the activity of pro-
moting angiogenesis, and conducted preliminary analysis using
network pharmacology, and the activity was verified by a dual-
screening system | human umbilical vein endothelial cells HU-
VECs and TG (flilat: EGFP) zebrafish ]. This study aimed to pro-
vide a scientific basis for the clinical treatment of cardiovascular

diseases by clarifying the role of Pseudostellariae Radix intervening
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in angiogenesis.

Materials and Methods

Experimental materials

Drugs and reagents RPMI 1640 culture medium (8121004 )
and fetal bovine serum (2021472) , purchased from Gibco Compa-
ny; trypsin digestive juice (710N0317), Cellmax Company; lute-
olin (A10013), acacetin ( B20627 ), B-sitosterol ( A10024 ),
linarin ( A10082) and 1-monolinolein (B74086 ), purchased from
Shanghai  Yuanye Biotechnology Co., Ltd.; schottenol
(S141584) , purchased from Shanghai Kewei Chemical Technolo-
gy Co. , Lid.
Instruments CO, constant temperature incubator, Thermo Fish-
er Scientific; CKX53 inverted phase contrast microscope, Shang-
hai Mangi Optoelectronic Technology Co. , Ltd. ; SKY 1530 full-
automatic microplate reader, Thermo Fisher Scientific; AUW120D
electronic analytical balance, Shimadzu, Japan; 27310 hypoxia
chamber, STEMCELL; X70 fluorescence microscope, Olympus
Corporation, Japan; MF53 optical microscope, Mshot Photoelec-
tric Technology.

Cell lines and zebrafish HUVEC, purchased from Sciencell
Company; TG (flil a: EGFP) zebrafish, provided by the ze-
brafish laboratory of Guizhou University of Traditional Chinese
Medicine.

Methods

Network pharmacology

Active component screening The chemical components and tar-
gets of Pseudostellariae Radix were collected by TCM systematic
pharmacology database TCMSP ( http://LSP. nwu. edu. en/tem-
sp. php). Active components were preliminarily screened accord-
ing to two ADME attribute values of OB=30% and DL=0. 18 to
obtain active compounds, and targets were collected with screened
active compounds.

Screening of disease targets With " angiogenesis" as the key
word, disease targets were collected using OMIM (https ://www.
omim. org) and Genecards (https://www. genecards. org/) data-
bases. The target information of different databases was merged,
and repeated target proteins were deleted, so as to establish a dis-
ease target database.

Establishment of cross-linking network between disease tar-
gets and drug targets

network platform was used to screen out potential targets of the ac-

Bioinformatics & Evolutionary Genomics

tive components of Pseudostellariae Radix intervening in angiogen-
esis, forming a venn diagram. The downloaded data were imported
into Cytoscape(3.9.1) software, and a network topology diagram
of " Pseudostellariae Radix-target-chemical component" was
constructed.

Construction of protein-protein interaction network  The
screened potential targets of active components from Pseudostellar-
iae Radix intervening in angiogenesis were introduced into
STRING ( https ;//string-db. org) , and " Homo sapiens" was se-
lected in the Organism option to obtain a PPl network. And the

relationship data between proteins and the PPI network running in
the STRING database were downloaded.

Screening of key targets The data of protein-protein interaction
were imported into Cytoscape(3.9.1) software, and the built-in
plug-in cytoNAC in Cytoscape(3.9.1) was used for calculation.
Screening was performed according to three network topology char-
acteristic attribute values of PPI networks, namely degree, close-
ness centrality (CC) and betweenness centrality (BC), and the
data were exported.

GO enrichment analysis and KEGG pathway analysis The
potential target proteins of Pseudostellariae Radix intervening in
angiogenesis were sorted out and imported into Metascape data-
base, and GO-BP, GO-CC and GO-MF data and KEGG_pathway
data were obtained by analysis. Data screening was carried out
with P value <0.05 as the screening standard, and GO enrich-
ment and KEGG pathway analysis were conducted according to the
p value screening. KEGG pathway analysis and GO enrichment
analysis mapping were carried out on the Bioinformatics online
platform.

Experimental verification based on double screening system
In-vitro screening HUVECs were inoculated into 96 - well
plates at a rate of 1 x 10*/well, and after 24 h of culture, the cul-
ture medium was changed to 100 pl of M199 medium containing
2% FBS. The normal control group (NC) was incubated in a 5%
CO, incubator at 37 °C for 12 h; the hypoxia control (HC) was
placed in a hypoxia chamber (5% C0,/95% N, ), and incubated
in an incubator for 12 h; and the drug groups were added with dif-
ferent concentrations of test drug and placed in a hypoxic chamber
(5% C0O,/95% N, ), and incubated in an incubator for 12 h.
The MTT assay method was adopted to detect endothelial cell
viability.

In-vivo screening Fertilized eggs of TG (flil a; EGFP) ze-
brafish were divided into following groups: a normal control group
(NC), an anti-angiogenesis control group (AC) and drug groups.
The normal control group was added to normal zebrafish culture
water and cultured for 48 h. The anti-angiogenesis control group
was added with Sim to result in angiogenesis obstacle. The drug
groups were added with Sim, and different concentrations of test
drug simultaneously. After 48 h of culture, the main blood vessels
of the trunk were observed under a microscope, and analysis and
quantification were conducted using Image J.

Angiogenesis protection rate (% ) = ( Vascular area,,, -
Vascular area,. )/ ( Vascular areay, — Vascular area,.) x 100%
Statistical method All experimental results were expressed as
mean =+ standard deviation (x +s), and statistical analysis was
conducted using the SPSS 17. 0 statistical software package. If the
data showed a normal distribution and the variances were homoge-
neous, one-way ANOVA would be used, and the least significant
difference method was used for multiple comparisons between
groups; and if the data did not exhibit a normal distribution, the
non-parametric test method would be adopted; and P <0.05 stood

for a statistical difference.
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Results and Analysis

Network pharmacology research

Collection and screening of components from Pseudostellariae
Radix " Pseudostellariae Radix" was inputted into TCMSP data-
base for component search. According to conditions of OB =30%

and DL=0. 18, after deleting components without targets in TCM-

screened. The Venn diagram of 5 098 disease targets and 94 drug
component targets was constructed. The results showed that 78 in-
tersected targets were common target proteins of the drug and dis-

ease (Fig. 2).

Table 1 Information of 6 compounds in Pseudostellariae Radix

| ) d Molecular Relative
SP database, a total of six effective components of " Pseudostellari- Mol ID Compound name formula molecular weight
ae Radix" were obtained through screening (Table 1 and Fig. 1). MOLO001689 Acacetin CyeH,, 05 284.2
Target prediction was performed on these components, and MOL001790 Linarin CogHp, Oy 592.5
relevant targets were imported into the protein sequence database MOL000358 beta-Sitosterol CyHsp0 414.7
UniProt to obtain and standardize names of target proteins. After MOL000006 luteolin CsH,004 286.2
deduplication, a total of 94 target proteins were obtained. Target MOLO006756 Schottenol CyoHsyO 414.7
proteins of angiogenesis were collected through GeneCards data- MOL002464 1-Monolinolein Cy Hy 04 354.5
base, and 5 098 disease targets related to angiogenesis were
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Fig. 1 Chemical structure depictions of 6 compounds in Pseudostellariae Radix

Target prediction of Pseudostellariae Radix components and
construction of component-target network diagram The net-
work topology diagram of " active drug component-disease core tar-
gets (proteins)" of Pseudostellariae Radix was constructed by Cy-
toscape software. In the diagram, the peripheral circular nodes re-
present 78 targets (proteins), and the square nodes represent the
active components of Pseudostellariae Radix, and the middle circu-
lar node represents the traditional Chinese medicine Pseudostellari-
ae Radix. One active component can act on multiple targets, and
one target can also be acted on by different active components,
suggesting that Pseudostellariae Radix has the advantages of multi-

ple components and multiple action points in intervening angiogenesis.

The network includes 85 connection points and 114 relationship
lines. The degree values were calculated, and the results showed
that the core proteins were PTGS2, ESR1, CASP3, RELA, TNF
and JUN in descending order of degree. The active components
ranked as luteolin, acacetin, beta-sitosterol, linarin, schottenol
and 1-monolinolein according to the degree value from high to low
(Fig. 3).

Construction of PPI network The protein interaction spectrum
was imported into Cytoscape software to screen core proteins and
draw a PPI network diagram. The results showed that the network
has 78 connection points and 1 046 edges, among which 19 circles

in the center represent core proteins, namely RELA, PGR,
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BCI2L1, MAPKI, AR, MMP9, PTGS2, FOS, CCND1, CASP3,
HSP90AAl, VEGFA, ERBB2, PPARG, EGFR, IL6, TNF,

TP53, and AKTI (Fig. 4).

visualized using a bubble diagram, and the results showed that key
pathways such as pathways in cancer, lipid and astrolysis, hepati-
tis B, apoptosis and topolasmosis may be the mechanism of
Pseudostellariae Radix’s intervention in angiogenesis (Fig. 6).

PR Angiogenesis

5 020

(98.2%)

Fig. 2 Venn diagram of common targets of Pseudostellariae Radix

(PR) and angiogenesis

Pseudostellariae Radix- active component-Key target

Fig. 3

network
GO functions and KEGG enrichment pathway analysis
der to further reveal the biological information of Pseudostellariae
Radix’s intervention in angiogenesis, GO enrichment analysis was
carried out on the 78 key targets, and the top 10 items were select-
ed. The results showed that Pseudostellariae Radix mainly partici-
pated in regulating molecular functions such as protein domain spe-
cific binding, ubiquitin like protein ligase binding, kinase bind-
ing, ubiquitin protein ligase binding and protein kinase binding
through cell components such as membrane rafts, membrane micro-
biome, plasma membrane raft, caveola and external side of plasma
membrane, realized biological processes such as membrane mi-
crodomain, plasma membrane raft, caveola, external side of plas-
ma membrane and side of membrane, thereby intervening in angio-
genesis (Fig. 5). The top 20 pathways enriched in KEGG were
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Fig. 5 GO functions enrichment analysis

Experimental verification of dual-screening system
Effects of active components from Pseudostellariae Radix on
HUVEC hypoxia model Luteolin, acacetin, beta-sitosterol and
linarin in Pseudostellariae Radix increased the cell viability of hy-
poxic HUVECs in a dose-dependent manner. There were no statis-
tically significant differences between schottenol and 1-monolino-
lein compared with the HC group (Fig. 7).

Effects of active components from Pseudostellariae Radix on Tg

(Flila;: EGFP) zebrafish anti-angiogenesis model  TLuteolin,
acacetin, beta-sitosterol and linarin from Pseudostellariae Radix

could promote angiogenesis of zebrafish to varying degrees (Fig. 8).
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Fig. 6 KEGG pathway enrichment analysis
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Conclusions and Discussion

There is no good solution for a considerable number of pa-
tients who cannot be treated with coronary artery revascularization.
Therapeutic angiogenesis may become an expected treatment model
for a considerable number of patients with diffuse coronary lesions
and those who have difficulties in accepting traditional revascular-
ization treatment. Endothelial cells play a key role in the process
of angiogenesis. The damage and dysfunction of endothelial cells
are closely related to the occurrence and development of ischemic
heart disease. Improving vascular endothelial function and promo-
ting angiogenesis through different ways is of great significance for
the prevention and treatment of ischemic heart disease ™. There-
fore, hypoxic endothelial cells were used as a model for screening

active substances in this study.
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Fig.7 Effects of Active ingredient of Pseudostellariae Radix on the hypoxia model of HUVEC
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Fig. 8 Effects of active components of Pseudostellariae Radix on angiogenesis in Tg (Flila: EGFP) zebrafish
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Modern studies have confirmed that Pseudostellariae Radix
can protect endothelial cells and promote angiogenesis>*'. In this
study, six potential active substances were screened from
Pseudostellariae Radix by network pharmacology. Among them,
luteolin is a bioflavonoid, which exists in many medicinal plants
and some commonly eaten fruits and vegetables, including green
leaf spices such as parsley, sweet pepper and celery, and has
many biological activity. Jia et al. "’ found that luteolin could
prevent vascular inflammation caused by TNF-a; and luteolin
could also increase the expression of NO in blood vessels by regu-
lating HIF-2a-Arg-NO axis and PI3K-AKT-eNOS-NO signaling
pathway, and played a role in protecting pulmonary vascular endo-
thelial function, thus improving the symptoms of pulmonary arteri-
al hypertension ™. Acacetin, as a natural flavonoid, inhibits the
damage of HUVECs induced by high glucose in a dose-dependent

P71 ApoE-/-animal experi-

manner and improves cell survival rate
ments showed that acacetin could also reduce ROS level and en-
hance the expression of reductase protein, playing an antioxidant
role through phosphorylation of Nrf2 and degradation of Keapl >’
Beta-sitosterol is one of the most common components in phytoster-
ols, and it is also a potential herbal nutritional health product ap-
proved by the US Food and Drug Administration (FDA). Beta-si-
tosterol can be used to intervene atherosclerosis and other disea-
ses. Beta-sitosterol can reduce the expression of TNF-o and COX-
2, and alleviate the inflammatory damage of HUVECs induced by
LPS™'. Jiang et al. ™ found that human aortic endothelial cells
treated with beta-sitosterol could significantly inhibit apoptosis in-
duced by ox-LDL and improve energy metabolism and cell mor-
phology ; and linarin is a common flavonoid, which exists in many
traditional Chinese medicines and is used to treat many diseases.
Linarin can increase the activity of eNOS by activating PI3K/Akt/
NO signal pathway, thus increasing the synthesis and release of
NO and achieving the effect of relaxing blood vessels”'. In this
study, screening was conducted using endothelial cells and ze-
brafish, and it was found that four compounds, luteolin, acacetin,
beta-sitosterol and linarin, screened by network pharmacology
could effectively protect endothelial cells and promote angiogenesis
in zebrafish, and were potential material basis for Pseudostellariae
Radix to promote angiogenesis.

In this study, network pharmacology and a dual-screening
system were used to clarify the mechanism and active substance
basis of Radix Pseudostellariae’s intervention in angiogenesis, in
order to provide scientific basis for clinical treatment of cardiovas-

cular diseases.
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